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1. PURPOSE. T h i s  a d v i s o r y  c i r c u l a r  p rov ides  guidance  a n c e r n i n g  a c c e p t a b l e  means, 
h u t  n o t  t h e  o n l y  means, f o r  a n  a i r  carrier to derrronstrate mmpl i ance  w i t h  the 
maximum p e r m i s s i b l e  c a b i n  ozone (03) a n c e n t r a t i o n s  e s t a b l i s h e d  by S e c t i o n  
121.578 o f  t h e  Fede ra l  A v i a t i o n  Regu la t ions  ( FAR) . 
2.  REIATED FAR SECTIONS. T h i s  a d v i s o r y  c i r c u l a r  is also r e l a t e d  to  S e c t i o n  
25.832. 

3. RELATED READING MATERIAL. A d d i t i o n a l  i n f o r n a t i o n  on ozone c o n c e n t r a t i o n s  m y  be 
found i n  t h e  fo l lowinq documents: 

a .  Fede ra l  Av ia t ion  Admin i s t r a t ion  (FAA) documents: 

(1) Simultaneous Cabin and Ambitnt Ozone Measurements  on Tim Boeing 747 
A i l ~ l a n e s ,  Volume I - Repr t  Number FAA-EE-73-05 (WTIS Accession Number ADA 079 1 1 4 ) .  

( 2 )  G u i d e l i n e s  For F l i q h t  P lanning  During P e r i o d s  o f  High Ozone Occurrence - 
R e p r t  Number FAA-EQ-78-03 (NTIS Accession Number ADA 050 9 8 8 ) .  

( 3 )  E f f e c t s  o f  Ozone on E x e r c i s i n g  and Seden ta ry  Adult  ?len and mmen 
R e p r e s e n t a t i v e  o f  t h e  F l i g h t  At tendant  Popu la t ion  - R e p r t  Number FAA-AN-79-20 
(NTIS Accession N m h r  ADA 080 045) . 

( 4 )  Ozone Concen t r a t ion  By L a t i t u d e ,  A l t i t u d e ,  and Fbnth,  Near 80' F7est - 
Repor t  Number FAA-AE0-77-13 (NTIS Accession Number ADA 046 9 5 6 ) .  

Copies  o f  t h e s e  reprts may be purchased from t h e  N a t i o n a l  Techn ica l  In fo rma t ion  
S e r v i c e ;  S p r i n c ~ f i e l d ,  V i r g i n i a  22161. 

b . Federa l  Av ia t ion  Admin i s t r a t  i o n  Advisory C i r c u l a r  00-52, Ozone I r r i t a t i o n  
During High A l t i t u d e  F l i g h t .  Copies o f  t h i s  a d v i s o r y  c i r c u l a r  m y  be o b t a i n e d  f r e e  
o f  cha rge  f r m  t h e  U.S. Wpar tment  o f  T r a n s p o r t a t i o n ;  P u b l i c a t i o n s  S e c t i o n  PI-443.1, 
Washington, D.C. 20590. 
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c. National A ~ ~ O M U ~ ~ C S  and Space Administrat ion Documents: 

(1) Ozone Contamination i n  A i r c r a f t  Cabins - Report Number NASA CP-2066 
(NTIS Accession N u m b e r  N 79-21021) . 

( 2 ) Procedures f o r  Estimating the Frequency o f  Comnercial A i r l i n e  
F l i g h t s  Encountering High Cabin Ozone F i e l d s  - R e p r t  Number NASA TP-1560 
(NTIS Accession Number N 79-33171 ) . 
Copies o f  t h e s e  reprts m y  be obta ined from t h e  Nat ional  Technical  Information 
Serv ice ;  S p r i n g f i e l d ,  V i r g i n i a  22161. 

d. National Primary 
Chapter I ,  Subchapter C, 
Federa l  Reg is te r ,  Volune 

and Secondary Ambient A i r  Q u a l i t y  Standards,  T i t l e  40, 
P a r t  50 - Environmental P ro tec t ion  Pgency f i n a l  rulemaking, 
4 4 ,  N u m b e r  28,  Page 8202 - Thursday, February 8 ,  1979. 

4 .  BACKGROUND. 

a .  Natural  ozone is formed p r i m a r i l y  above the t r o p p a u s e  i n  t h e  upper 
atmosphere as a r e s u l t  o f  t h e  a c t i o n  o f  u l t r a v i o l e t  l i g h t  on oxygen molecules.  The 
amount and d i s t r i b u t i o n  o f  n a t u r a l  ozone i n  t h e  atmosphere v a r i e s  wi th  l a t i t u d e ,  
a l t i t u d e ,  season, and weather cond i t ions .  [See paragraph 3 a ( 2 ) . ]  ?he h ighes t  
concen t ra t ions  i n  t h e  nor thern hemisphere are g e n e r a l l y  found a t  high a l t i t u d e  over  
h igh l a t i t u d e  l o c a t i o n s  dur ing t h e  win te r  and spr ing .  

b .  I n  l a t e  1976, complaints = r e  received from crewmembers on high a l t i t u d e ,  
h igh  l a t i t u d e ,  long range f l i g h t s  which descr ibed d i s c o n f o r t s  such as eye 
i r r i t a t i o n s ,  mughing,  nose i r r i t a t i o n s  and c h e s t  p i n s .  Subsequent resea rch  
determined t h a t  some of  t h e s e  symptoms could be a t t r i b u t e d  to ozone i n  the a i r c r a f t  
cabin .  S i g n i f i c a n t  ozone concen t ra t ions  were occas iona l ly  measured i n  the cabin  o f  
a i r c r a f t  on high l a t i t u d e ,  high a l t i t u d e  f l i g h t s  and research s t u d i e s  mnducted i n  
a n  a l t i t u d e  chamber demonstrated t h a t  s i g n i f i c a n t  ozone concentra t ions  m y  produce 
s i m i l a r  symptoms i n  some persons.  

c. P a r t  121 o f  the FAR has  been amended so t h a t  a c e r t i f i c a t e  ho lder  m y  mt  
o p e r a t e  a t r a n s p r t  ca tegory a i r p l a n e  above f l i g h t  l e v e l  180 un less  it has  
s u c c e s s f u l l y  demonstrated to t h e  Adminis t ra tor  t h a t  t h e  concentra t ion o f  ozone 
i n s i d e  t h e  cabin  w i l l  not  exceed .25 p a r t s  pe r  m i l l i o n  by volume, sea  l e v e l  
e q u i v a l e n t ,  a t  any time; and t imeweigh ted  value  o f  .1 part per m i l l i o n  by volume, 
s e a  l e v e l  equ iva len t ,  f o r  scheduled f l i g h t  segments o f  more than 4 hours.  
Compliance with t h e s e  requirements should be shown by a n a l y s i s  and/or tests based 
e i t h e r  on a i r p l a n e  o p r a t i o n a l  procedures and performance l i m i t a t i o n s  o r  the 
c e r t i f i c a t e  h o l d e r ' s  opera t ions .  The a n a l y s i s  or tests must show e i t h e r  (1) t h a t  
atmospheric ozone statistics i n d i c a t e ,  wi th  a statistical confidence of a t  l e a s t  
84 percen t ,  t h a t  a t  t h e  a l t i t u d e s  and l o c a t i o n s  a t  which the a i r p l a n e  w i l l  be 
opera ted  t h a t  t h e  pe rmiss ib le  l e v e l s  o f  cabin  ozone concentra t ions  w i l l  no t  be 
exceeded; o r  ( 2 )  t h a t  t h e  a i r p l a n e  v e n t i l a t i o n  systems, including any ozone m n t r o l  
e q u i p e n t ,  w i l l  mainta in  t h e  cabin  ozone concentra t ions  a t  o r  below the permiss ib le  
l e v e l s .  Acceptable means o f  conducting t h e  required a n a l y s i s  o r  tests are discussed 
i n  paragraph 5 o f  t h i s  advisory c i r c u l a r .  
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d. It is expected that resea rch  i n t o  t h e  phys io log ica l  e f f e c t s  o f  ozone and 
e f f e c t i v e  methods for its c o n t r o l  w i l l  cont inue to provide a g r e a t e r  understanding 
of its e f f e c t s  on persons and w i l l  inc reas ing ly  provide more e f f e c t i v e  methods t o  
e l i m i n a t e  excess ive  ozone q u a n t i t i e s .  Never theless ,  c u r r e n t  technology is adequate 
t o  e l i m i n a t e  excess ive  l e v e l s  o f  ozone i n  a i r c r a f t  cabins .  F i l t e r s  and c a t a l y t i c  
c o n v e r t e r s  f o r  reducing cabin  ozone concen t ra t ions  are a v a i l a b l e  which can be 
i n s t a l l e d  on  a f f e c t e d  a i r c r a f t  types .  However, s e v e r a l  a d d i t i o n a l  methods e x i s t  
which may, i n  c e r t a i n  cases, mainta in  cab in  ozone m n c e n t r a t i o n s  a t  or below the 
maximum permiss ib le  l e v e l s .  An a i r  carrier m y  use any o f  the methods m n t a i n e d  i n  
t h i s  adv i sory  c i r c u l a r  i f  t h e  a n a l y s i s  or tests mnducted show t h a t  the methcd(s) 
chosen are e f f e c t i v e  . 

e. Since each o f  the var ious  methods has  c e r t a i n  b e n e f i c i a l  aspects, one method 
is not favored over  any o t h e r .  However, t h e  FAA in tends  to mnduc t  i n f l i g h t  spot 
checks to ensure  mmpliance wi th  t h e  s tandards .  

5. PlEANS OF COMPLIANCE. 

a .  Acceptable means o f  demonstrating compliance includes  any one or a 
combination o f  t h e  following: 

(1) A statistical a n a l y s i s  which is based on accep tab le  atmospheric ozone 
statistics, t h e  types o f  a i r c r a f t  flown, and t h e  r o u t e  s t r u c t u r e  used i n  t h e  a i r  
carrier' s opera t  ion. 

( 2 )  A s t a t i s t i c a l  a n a l y s i s  which is based on a c t u a l  measurements o f  cabin 
ozone concentra t ions  f o r  t h e  types of  a i r c r a f t  operated and obta ined over  r o u t e s  o r  
a r e a s  r e p r e s e n t a t i v e  o f  t h e  a i r  c a r r i e r ' s  r o u t e  s t r u c t u r e .  

( 3 )  Modifications to t h e  a i r c r a f t  by an a i r  carrier, under a Supplemental 
Type C e r t i f i c a t e  (STC), FAA Fbm 337 approval ,  or an  engineering o rder /au thor iza t ion  
t o  comply wi th  a manufacturers approved s e r v i c e  b u l l e t i n ,  which reduces t h e  ozone 
concen t ra t ions  to accep tab le  l e v e l s  i n  t h e  a i r c r a f t  cabins .  

( 4 )  Modifications t o  t h e  a i r c r a f t  by t h e  manufacturer or design changes 
which reduce cabin ozone l e v e l s  to accep tab le  l e v e l s .  

( 5 )  I . lcdi f ica t ions  to o p e r a t i o n a l  procedures,  such as t h e  use of a h igher  
s t a g e  bleed a i r  o r  t h e  use o f  r e c i r c u l a t i o n  a n t r o l s ,  t o  reduce ozone t o  accep tab le  
l e v e l s .  

( 6 )  F l i g h t  planning procedures to a d j u s t  t h e  f l i g h t  a l t i t u d e  and/or r o u t e  of 
f l i g h t  to reduce cabin ozone to accep tab le  l e v e l s .  

b .  Examples o f  t h e  s p e c i f i c  means o r  cornhination of m a n s  which m y  be used by 
a n  a i r  carrier t o  demonstrate compliance are discussed i n  d e t a i l  i n  paragraphs 6 ,  7 ,  
and 8 o f  t h i s  advisory c i r c u l a r .  



6 .  STATISTICAL ANALYSIS. 

a .  I f  t h e  carrier elects t o  use statistical a n a l y s i s  to demonstrate compliance, 
t h e  method used should demonstrate with a statistical confidence l e v e l  o f  84 percen t  
t h a t  t h e  cabin  ozone l e v e l s  w i l l  be with in  accep tab le  l i m i t s .  

b. The ozone d a t a  base used i n  t h e  a n a l y s i s  should inc lude  s u f f i c i e n t  d a t a  to 
demonstrate compliance wi th in  t h e  area o f  opera t ion  on a mnth- tomonth  basis. Any 
stat ist ical  a n a l y s i s  should be based on accep tab le  atmospheric ozone s t a t i s t i c s ,  
a c t u a l  i n f l i g h t  measurements, or a combination o f  both. 

c .  Acceptable atmospheric ozone statistics are contained i n  t h e  p u b l i c a t i o n s  
l i s t e d  i n  paragraph 3 a ( 2 )  and 3 a ( 4 ) .  I f  a c t u a l  i n f l i g h t  measurements are used, t h e y  
should provide a s u f f i c i e n t  d a t a  base t o  e s t a b l i s h  t h e  required statistical 
confidence l e v e l  and con ta in  monthly a l t i t u d e ,  l a t i t u d e  and long i tude  r e s o l u t i o n  
elements equ iva len t  to those  i n  Appendix A o f  t h e  pub l ica t ion  l i s t e d  i n  paragraph 
3 a ( 2 )  f o r  t h e  t y p e ( s )  o f  a i r p l a n e s  flown and t h e  opera t ions  conducted. Addi t iona l ly ,  
a c t u a l  i n f l i g h t  cabin  ozone measurements should be obta ined wi th  equipnent which has  
been p e r i o d i c a l l y  c a l i b r a t e d  and maintained i n  accordance with approved 
Environmental P ro tec t ion  Agency (EPA) procedures.  

d .  One o f  t h e  elements which should be considered i n  a s t a t i s t i c a l  a n a l y s i s  
based on accep tab le  ambient ozone statistics is t h e  ozone d i s s o c i a t i o n  ( d e s t r u c t i o n )  
r a t e  f o r  t h e  environmental c o n t r o l  system i n s t a l l e d  i n  a p a r t i c u l a r  type  o f  
a i r p l a n e .  ?his f a c t o r  determines t h e  percentage o f  t h e  ambient ozone which is 
u l t i m a t e l y  introduced i n t o  t h e  cabin  environment. The ozone d i s s o c i a t i o n  r a t e  is 
app l ied  to t h e  arrbient ozone s t a t i s t i c s  t o  determine t h e  cabin  ozone statistics f o r  
t h a t  f l i g h t  a l t i t u d e ,  time and l o c a t i o n .  

e.  N o m l l y ,  the d i s s o c i a t i o n  rate has  been determined by simultaneous i n f l i g h t  
measurments  o f  ambient and cabin  ozone l e v e l s .  However, o t h e r  methods, such as 
labora to ry  measurements or a n  engineer ing a n a l y s i s ,  may be used t o  e s t a b l i s h  t h e  
d i s s o c i a t i o n  r a t e  f o r  a p x t i c u l a r  e n v i r o m e n t a l  c o n t r o l  system i f  t h e s e  methods are 
shown t o  be a c c u r a t e  and r e l i a b l e .  

f .  I n  cases where t h e  d i s s o c i a t i o n  r a t e  is unknown, a statistical a n a l y s i s  m y  
st i l l  be used t o  show compliance. I n  t h i s  case, it m y  be necessary t o  assume t h a t  
t h e  rate is zero and t h e  cabin  l e v e l s  a r e  equal  t o  t h e  ambient l e v e l s .  

g .  S t a t i s t i c a l  a n a l y s i s  required by t h i s  adv i sory  c i r c u l a r  m y  be obta ined from 
pools  o f  d a t a  formed by cooperation between o p e r a t o r s  and manufacturers.  Data t o  
determine t h e  cabin  anb ien t  ozone d i s s o c i a t i o n  ( d e s t r u c t i o n )  rate f o r  the statis- 
tical a n a l y s i s  approach o f  Appendix 1 o f  t h i s  advisory c i r c u l a r  m y  be accepted i f  
it comes from o t h e r  o p e r a t o r s  o f  t h e  sane type of a i r c r a f t  wi th  t h e  same cabin  a i r  
handling systems, or is otherwise  shown to be appropr ia te .  Cabin ozone d a t a  from 
t h e s e  a i r c r a f t  m y  also be accepted f o r  demonstrating compliance wi th  t h e  permis- 
s i b l e  ozone l e v e l  i f  t h e  d a t a  are taken i n  t h e  same geographic a rea .  

h .  Acceptable means o f  conducting t h i s  statistical a n a l y s i s  are contained i n  
Appendix 1 o f  t h i s  adv i sory  c i r c u l a r  and t h e  pub l ica t ion  l i s t e d  i n  paragraph 3 c ( 2 ) .  
However, e i t h e r  o f  t h e s e  methods should use accep tab le  ozone s t a t i s t i c s  (see 
~ p p e n d  i x  2 ) . 
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7.  AIRCRAFT DESIGN CIIANGES/MODIFICATIONS AND EQUIPMENT INSTALLATION. 

a. Design chanqes/modif ica t ions  m y  be s e d  to demns t r a t e  compliance i f  
ana lys i s  and/or tests show t h a t  these mthods reduce the cabin ozone concentrations 
to acceptable l eve l s  f o r  each type of a i r c r a f t  flown and each aperat ion conducted. 
The tests, i f  required, may be conducted i n  a laboratory, in f l igh t ,  o r  a combination 
of both. A statistical ana lys is  based on acceptable ozone statistics m y  also be 
used to demns t r a t e  that the ozone d issoc ia t ion  rate f o r  the device(s )  i n s t a l l ed  
w i l l  reduce the  cabin ozone to acceptable leve ls .  

b. Once the ozone d issoc ia t ion  r a t e  has been establ ished f o r  a pa r t i cu l a r  
device,. the  po ten t i a l  maxi~rnnn cabin ozone concentration and the time-weighted 
averages, i f  appropriate,  are determined by applying the d issoc ia t ion  rate to the 
ambient ozone concentrations contained in the statistical analysis.  The disso- 
c i a t i o n  r a t e  should be high enough t o  d m n s t r a t e  compliance on a mnth-by-month 
bas i s  within the area of operation. 

c. In  any case, the air c a r r i e r  should demonstrate to the Pdnin is t ra tor  t h a t  
t h e  des ign changes/& i f  i ca t ions  and/or the equipnen t in s t a l l ed  w i l l  reduce the 
cabin ozone concentrations to acceptable l eve l s  i n  each type of a i r c r a f t  used and 
f o r  each route  flown by its a i r c r a f t .  The ozone d issoc ia t ion  equipment, i f  
i n s t a l l ed ,  should be included in  the a i r  c a r r i e r ' s  approved mintenance p rq ram an3 
should be inspected, repaired and/or replaced in  accordance with approved 
procedures. The i n i t i a l  se rv ice  l i f e  of the ozone d issoc ia t ion  equipment should be 
e s  tab1 ished t h r o q  h analys is and t e s t s  . 

d. Exariples of a procedure f o r  demonstrating compliance a f t e r  i n s t a l l a t i o n  of 
equipnent with a Imam ozone d issoc ia t ion  r a t e  a r e  contained in Appndix 1 of t h i s  
advisory c i rcu lar .  

a.  If an a i r  c a r r i e r  chooses to adopt operat ional  o r  f l i g h t  planning procedures 
t o  demns t r a t e  compliance, these procedures should be shown to reduce cabin ozone 
concentrations t o  acceptable l eve l s  f o r  each type of a i r c r a f t  used and f o r  each 
route  or area flown by these a i r c r a f t .  

b. The required analysis  and/or t e s t s  should use i n f l i g h t  rwasurements and/or 
s t a t i s t i c a l  da t a  from acceptable ozone s t a t i s t i c s  to show t h a t  the operational 
and/or f l i g h t  planning procedure t o  be used w i l l  reduce the cabin ozone 
concentrations t o  acceptable levels .  The ozone d issoc ia t ion  (des t ruc t ion)  r a t e  f o r  
t he  environmental control  system ins t a l l ed  i n  the pa r t i cu l a r  t ype ( s )  of a i rp lanes  
used by the air carrier should be considered when conducting a s t a t i s t i c a l  analysis.  
This f ac to r  determines the percentage of the ambient ozone which is ul t imately 
introduced i n t o  the cabin environment. If the  d issoc ia t ion  r a t e  is unknown, it may 
be neccesary to assume t h a t  the r a t e  is zero and the cabin l eve l s  are equal to the 
ambient leve ls .  

c. In  one method, the loca t ion  of high ozone concentrations w u l d  be predicted 
and f l i g h t  planning procedures would route  the f l i g h t  t o  reduce the cabin ozone t o  
acceptable leve ls .  Similar  nethods nay be used to determine when operat ional  
procedures, such as usiry high s tage  bleed air, o r  using rec i rcu la t ion  controls ,  a r e  
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necessary  to d i s s o c i a t e  s u f f i c i e n t  ozone to o b t a i n  cwnpliance. However, d a t a  from 
i n f l i g h t  measurements are necessary  to d m n s t r a t e  t h a t  t h e s e  procedures are 
e f f e c t i v e .  Th is  is due to t h e  d i f f i c u l t y  o f  r e l i a b l y  p r e d i c t i n g  ozone concen- 
t r a t i o n s  a t  normal f l i g h t  a l t i t u d e s .  Furthermore, t h e s e  data should show t h a t  t h e  
techniques  used to p r e d i c t  ozone concen t ra t ion  l e v e l s  f o r  a p a r t i c u l a r  f l i g h t  
i n d i c a t e  t h a t  t h e r e  is a statistical confidence l e v e l  o f  84 pe rcen t  t h a t  t h e  f l i g h t  
w i l l  no t  exceed t h e  pe rmiss ib le  maximum m n c e n t r a t i o n s  a t  any p i n t  a long t h e  r o u t e  
o f  f l i g h t .  

d.  An alternate method m u l d  be to restrict t h e  f l i g h t  a l t i t u d e  on c e r t a i n  
f l i g h t s  or segments o f  f l i g h t s  to ach ieve  m p l i a n c e .  Acceptable ozone s tat ist ics 
should be used to conduct an  a n a l y s i s  which shows tihat t h e  f l i g h t  a l t i t u d e ( s )  
au thor ized  f 0 r . a  p a r t i c u l a r  r o u t e  or a r e a  o f  opera t ion  w i l l  mainta in  t h e  cabin  ozone 
concen t ra t ion  wi th in  accep tab le  l i m i t s .  I n  m e  cases, t h e s e  r e s t r i c t i o n s  may be 
necessary  on ly  dur ing c e r t a i n  months. An example o f  such a statistical a n a l y s i s  to 
demonstrate compliance is contained i n  Fppendix 1 o f  t h i s  advisory c i r c u l a r .  

e. I n  any case, s u f f i c i e n t  d a t a  should be provided to show t h e  Adminis t ra tor  
t h a t  t h e s e  procedures are r e l i a b l e  and e f f e c t i v e  i n  reducing cabin  ozone t o  
accep tab le  l e v e l s  f o r  each type o f  a i r c r a f t  and each r o u t e  or a r e a  flown by these 
a i r c r a f t  . 
9. OPERATIONAL APPBVAL. 

a .  The a p p l i c a t i o n  f o r  approval o f  t h e  methcd(s) p r o p x e d  by t h e  a i r  carrier t o  
reduce cabin  ozone t o  accep tab le  l e v e l s  should be submitted to the FAA c e r t i f i c a t e  
holding o f f  ice f o r  review and approval  a t  l e a s t  30 days  p r i o r  to using t h e  p r o p s e d  
m e t h d ( s )  i n  a i r  carrier se rv ice .  Th is  a p p l i c a t i o n  should con ta in  any p e r t i n e n t  
a i m r t h i n e s s  approvals ,  as wel l  a s  t h e  necessary supporting d a t a ,  and t h e  p r o p s e d  
amendments t o  t h e  opera t ions  s p e c i f i c a t i o n s .  

b .  '=he supporting d a t a  should show t h a t  t h e  m e t h d ( s )  to be used by t h e  a i r  
car;ier w i l l '  reduce cabin  ozone m n c e n t r a t i o n s  t o  accep tab le  l e v e l s  f o r  each type o f  
a i r c r a f t  used and each r o u t e  o r  a r e a  flown by those  a i r c r a f t .  The opera t ions  
s p e c i f i c a t i o n s  should r e f l e c t  any o p e r a t i o n a l  r e s t r i c t i o n s  necessary  to achieve 
compliance . 

c. I f  t h e  a i r  c a r r i e r  demonstrates t h a t  t h e  r n e t h d ( s )  to be used are e f f e c t i v e ,  
approval  should be granted by amendment t o  t h e  opera t ions  s p e c i f i c a t i o n s .  Approval 
i n  t h e  opera t ions  s p e c i f i c a t i o n s  may be granted by area o f  opera t ion ,  by i n d i v i d w l  
r o u t e s ,  or a combination o f  both. The approval  should include the r e s t r i c t i o n s  
( i .e . ,  maximum f l i g h t  a l t i t u d e ,  o p e r a t i o n a l  procedures, a i r c r a f t  m d i f i c a t i o n s )  
necessary  to ach ieve  compliance. ?he r e s t r i c t i o n s  should be a p p l i c a b l e  to t h e  types  
o f  a i r c r a f t  operated or types  o f  o p e r a t i o n s  conducted, or b t h .  

10.  REQUESTS FOR DEVIATION FROPI THE CONPLIAEJCE PEPJOD. 

a .  !Ibe FAA has  determined t h a t  t h e  12month  period provided f o r  a i r  carriers t o  
comply wi th  t h i s  r u l e  is reasonable  and adequate. However, t h e  new Sect ion 121.578 
a l lows  a c e r t i f i c a t e  holder  t o  o b t a i n  a n  a u t h o r i z a t i o n  to d e v i a t e  from these 
requirements by an amendment to its o p e r a t i o n s  s p e c i f i c a t i o n s ,  i f  it shows t h a t  due 
to  circumstances beyond its c o n t r o l  o r  to unreasonable economic burden it cannot 
comply f o r  a s p e c i f i c  p e r i d  o f  t ime,  and subnits a plan accep tab le  t o  t h e  
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Administrator to e f f e c t  compliance to the  ex ten t  possible.  A dev ia t ion  can be 
authorized i n  c i rcunstances such a s  equipnent de l ivery  delays or short-term use o f  
a i r c r a f t ,  when t h e  c e r t i f i c a t e  holder shows t h a t ,  t h r o q h  f l i g h t  planning or other 
means, it attempts to avoid a r ea s  of  cabin ozone concentrations above t h e  l i m i t s  
given i n  t h e  rule. 

b. Any request f o r  deviat ion should state t h e  reasons why m p l i a n c e  cannot be 
demonstrated during the  t i m e  period and why these f a c t o r s  a r e  beyond the cont ro l  o f  
t h e  a i r  c a r r i e r .  !be request should also contain a m p l i a n c e  schedule and a plan 
t o  e f f e c t  compliance to t h e  ex ten t  p s s i b l e  which a r e  acceptable t o  t h e  
Administrator. 

c. The request  f o r  deviat ion should be submitted to the  FAA cert i f icate-holding 
o f f  ice a t  l e a s t  60 days before t h e  compliance da t e  of  February 20,  1981, s t a t e d  i n  
Sect ion 121.578 o f  t he  FAR. 

KENNETH S .  HUNT 
D i r e c t o r  o f  F l i g h t  Ope ra t i ons  

Par 10 
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APPENDIX 1. EXAMPLES OF STATISTICAL ANALYSIS 

1. PURPOSE. Th is  appendix c o n t a i n s  i l l u s t r a t i o n s  o f  a method using statistical 
a ~ l y s i s  to d m n s t r a t e  m p l i a n c e  wi th  mximum and time-weighted average 
permiss ib le  cab in  ozone a n c e n t r a t i o n s  e s t a b l i s h e d  by Sec t ion  121.578 o f  t h e  Federal  
Aviat ion Regulations (FAR). 

2. WLANATION OF TERMS AND SYMBOLS. 

a.  O Z W  is t h e  pe rmiss ib le  mximun ozone concentra t ion i n s i d e  a n  a i r p l a n e  
cab in  as e s t a b l i s h e d  by FAR P a r t  121 which m y  mt exceed a value  o f  0.25 p a r t s  per 
m i l 1 i o n . b ~  volume (ppnv),  sea l e v e l  equ iva len t  (SLE), a t  any p i n t  i n  t i m e .  

b. O Z W  is t h e  pe rmiss ib le  time-weighted average (TWA) o f  the ozone 
concen t ra t ion  i n s i d e  a n  a i r p l a n e  cab in  over  a f l i g h t  segment as e s t a b l i s h e d  by FAR 
P a r t  121 which may mt  exceed a va lue  o f  0.1 ppnv, SLE, f o r  each f l i g h t  segment t h a t  
exceeds 4 hours.  

c. OZSLE is ozone concen t ra t ion  i n  p v  referenced to s tandard cond i t ions  o f  
25' C and 760 m i l l i m e t e r s  o f  mercury pressure .  

d .  (P&) is t h e  ratio of  cabin  p ressure  (P)  to sea l e v e l  p ressure  pol. 
T h i s  ratio is used to o b t a i n  t h e  SLE ozone a n c e n t r a t i o n  from t h e  ozone concen- 
t r a t i o n  a t  a l t i t u d e  assuming the cabin  temperature is 25' C. OZSLE = (P/P,) ( 0 ~ 1 .  
Some r e p r e s e n t a t i v e  va lues  which can be used i n  o p e r a t i o n a l  c a l c u l a t i o n s  are: 

For P o f :  

5000 f e e t  
6000 f e e t  
7000 f e e t  
8000 f e e t  

NOTE: The use o f  s tandard P/Po t a b l e s  can r e s u l t  i n  e r r o r s  o f  up to 7 percen t  
due t o  t h e  use o f  temperatures o t h e r  than 25' C. 

e. R is t h e  r e t e n t i o n  r a t i o  o f  t h e  ambient ( o u t s i d e )  ozone which e n t e r s  t h e  
a i r p l a n e  cabin  a f t e r  going through t h e  a i r  condi t ioning system and, i n  mst cases, 
t h e  engines.  Normally, t h e  r e t e n t i o n  ratio is from 0.75 t o  1.00 wi thout  cabin  a i r  
r e c i r c u l a t i o n  and can be as l o w  as 0.4 to 0.6 with cabin  a i r  r e c i r c u l a t i o n .  
However, t h e  r e t e n t i o n  ratio f o r  a p a r t i c u l a r  a i r c r a f t  m y  d i f f e r  from t h e s e  va lues  
depending on t h e  cab in  a i r  exchange r a t e ,  t h e  i n t e r i o r  s u r f a c e  to volume 
r e l a t i o n s h i p ,  and t h e  amount o f  cabin  a i r  r e c i r c u l a t e d .  

f .  E is t h e  e f f i c i e n c y  o f  a f i l t e r  or catalytic conver ter  i n s t a l l e d  t o  remove a 
p o r t i o n  o f  t h e  ambient ozone before  it e n t e r s  t h e  a i r p l a n e  cabin.  For t h e  p u q s e  
o f  t h i s  appendix, t h e  m r d  " f i l t e r "  is used to d e s c r i b e  e i t h e r  type o f  device .  An 
a i r p l a n e  without a f i l t e r  m u l d  have E = 0. 

g. T18 is t h e  f l i g h t  t ime a b v e  18,000 f e e t .  
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h. TFs is t h e  total f l i g h t  segment time (block time) . 
i.  0216 is t h e  estimated ambient ozone concentrztion obtained from statistics 

with a confidence l e v e l  o f  84 percent.  As explained i n  Appendix 2 o f  t h i s  advisory 
c i r c u l a r ,  p re fe rab le  da ta  f o r  t h i s  p u r p s e  a r e  the ozonesonde s t a t i s t i c s  given i n  
Appendix A of  Report FAA-EQ-78-03. Examples of  these da ta  f o r  February a r e  
reproduced on pages 12 to 19 o f  t h i s  appendix. I n  using these  da ta ,  it should be 
remembered t h a t  they a r e  cen t r a l  values f o r  f i v e  degrees l a t i t u d e  and 2000 f e e t  
a l t i t u d e  boxes. 

j. Although there  are many f l i g h t  rou tes  which a r e  not s p e c i f i c a l l y  covered by 
t h e  da ta  on these  pages, t h e  da ta  can be used to in t e rpo la t e  the ozone statistics 
f o r  any f l i g h t  route.  An example o f  t h i s  is shown i n  Figure 1 f o r  t h e  month of  
February where 0216 values a r e  presented fo r  f l i g h t  l e v e l s  410, 390, and 370. The 
heavy dashed a r ea s  a r e  t h e  regions mvered by t h e  ozonesonde data .  The Japan and 
western Europe da ta  used i n  t h i s  example have been l i n e a r l y  in te rpola ted  to obta in  
reso lu t ion  increments of  f i v e  degrees s imi l a r  to those used i n  t he  eas te rn  and 
western North American regions. (For 30N, t h e  Japan ozone da ta  have been set to 
one-half t h e  value a t  32N s ince  a l i n e a r  i n t e r p l a t i o n  g ives  negative values) .  
Where da ta  e x i s t  a t  a common l a t i t u d e ,  they have k e n  l i n e a r l y  i n t e r p l a t e d  to 
determine t h e  values f o r  the  P a c i f i c  and At l an t i c  a reas  and a r e  shown i n  t he  l i g h t e r  
dashed regions.  For l a t i t u d e s  where t he re  are ro Japan or western Europe da t a ,  t he  
appropr ia te  North American data  should be used. The following examples of t h i s  
procedure t o  determine 0216 values f o r  f l i g h t  l eve l  410 a r e  given: 

Ung i tude  Latitude 0216 Obtained From Extension o f  t h e  

65 N 1.2ppmv western North American data  
70 N 1 . 3 p p v  eas te rn  North American data  
65 N 1. lppnv eas te rn  North American data  
70 N 1.3ppnv eas te rn  North American data  

For t h e  southern hemisphere, the data  can he (1) obtained from a mirror image of the 
northern h e ~ i s p h e r e  data  with a 6-month seasonal s h i f t .  For example, ozone data  fo r  
Janaury a t  45 S, 80 W m u l d  be obtained from the  J u l y  ozone data  a t  45 N ,  80 PI; o r  
( 2 )  calculated by averaging the  northern hemisphere data  over a l l  longitudes a t  a 
given north l a t i t u d e  and using the  r e su l t i ng  value f o r  t he  same south l a t i t u d e ,  
aga in  with a 6-mnth seasonal s h i f t .  

3 .  DISCLJSSION. I n  t h i s  appendix, t h e  ozone s t a t i s t i c s  a r e  used i n  3 types  of 
examples. 

a .  1 - Direct  determination i f  a f l i g h t  m p l i e s  with e i t h e r  t h e  mxilnum 
or W7A c a h m  ozone concentrations establ ished by FAR Par t  121. 

b. Type 2 - Determination of t he  f i l t e r  e f f ic iency  (E)  required f o r  a 
p a r t i c u l a r  f l l g h t  t o  comply with t he  cabin ozone amcent ra t ions  establ ished by FAR 
P a r t  121. 
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. Type 3 - ~ e t e r m i n a t i o n  o f  t h e  maximum f l i g h t  a l t i t u d e  a n  a i r p l a n e  could f l y  
a geographical  region,  l a t i t u d e  and t i m e  o f  year  and still a m p l y  with t h e  
ozone concen t ra t ions  e s t a b l i s h e d  by FAR P a r t  121. 

4 .  EXAPPLES - ~I~~ CABIN OZONE CONCEWTRATION (0.25 p p v ,  SLE) . The maximum 
cab in  concentra t ion using ozone s t a t i s t i c s  should be determined a t  each p i n t  along 
t h e  r o u t e  o f  f l i g h t  and is given by: 

OZMAX = (1-E) (0216) ( R )  ( P / P ~ )  (Equation 1) 

I n  a l l  examples, t h e  value  f o r  R is 0.8 and t h e  va lue  f o r  (P/P,) is 0.77 ( a  
cab in  a l t i t u d e  o f  7,000 f e e t ) .  Equation 1 t h e n  becomes: 

(Equation 2 )  

a .  Typ2 1 - Example to determine i f  any p i n t  along a f l i g h t  r o u t e  is i n  
compliance with t h e  maximum cabin  ozone concentra t ion (0.25 ppnv, SLE). From t h e  
ozonesonde statistics on Page 16 o f  t h i s  appendix (Page A-15 o f  t h e  ozonesonde 
stat ist ics)  look up OZ16 using t h e  following example information: 

Reg ion  : e a s t e r n  North A m e r i c a  
Month : February 
F l i g h t  l e v e l :  370 

(1) Case 1. Lat i tude:  50' North 

Page 16 o f  t h i s  appendix (Page A-15 o f  t h e  ozonesonde s t a t i s t i c s )  g i v e s  0216 = 
0.50 p p v .  

Therefore  (assuming E = 0, o r  no f i l t e r )  : 

ozrw = (0 .62)(0 .50)  = 0.31 ppnv 

THIS POINT ALONG 'IRE FLIGHT ROUTE LDULD NOT HAVE DEMONSITATED CONPLIANCE WITH ?HE 
I,WIMUT -IN O Z ~ E  CONCENTRATION .ISTABLERED BY FAR P A .  121. 

( 2 )  Case 2.  Lat i tude:  40' North 

Page 1 7  o f  t h i s  appendix (Page A-16 o f  t h e  ozonesonde s t a t i s t i c s )  g i v e s  0216 = 
0.40 p p v .  

Therefore  (assuming E = 0 ,  o r  no f i l t e r )  : 

O z r m  = (0.62) (0.40) = 0.25 ppnv. 

THIS POINT W N G  THE FLIGHT FOUTE i'?XU..D HAVE DEMONSTRATED CCElPLIANCE WITH ?HE 
MAX1W.I  OZWE CONCENTRATION E!X'ABLISHED BY FAR P W  121. 
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b. Type 2 - Example to determine the f i l t e r  e f f i c i e n c y  required to show 
compliance a t  a p i n t  along t h e  f l i g h t  r o u t e  with t h e  maximum cabin  ozone 
concentra t ion.  Equation 2 can be r e w r i t t e n  to determine E, t h e  f i l t e r  e f f i c iency :  

(0.62) (0216) = -  I ( m a t i o n  3 )  

For  OZMAX = 0.25 ppnv, Q u a t i o n  3 becomes : 

E = 1 - (0.25) 
(0.62) (0216) E I 

(1) Case 1. Lati tude: 
021 6 

(Equation 4 )  

50° North 
0.50 p p v  

IIJSTALLATION OF A FILTER WIICH REMOVED 20 PERCE3E OF ?HE OZCNE ENEFUX THE CABIN 
WWLD ENABLE ?PIIS IOINT ALDNG TTIE FLIQIT IZOUTE TO SHOW WLIANCE WITH THE MAXIMUPI 
CABIN OZQJE CONCENTRATIO1? ESTABLISESD BY FAR PAK7 121. 

( 2 )  Case 2. Lat i tude:  45O r b r t h  

NO FILTER REQUIRED FOR ?HIS POINT ALONG TIE FLIQIT FCLTE AS COMPLIANCE WITH THE: 
WIMUT.1 CABIN OZO1JE CONCENTRATION ETABLISIED BY FAR PAF2 121 WAS SHmJ MJRIIJG 
EXAMPLE TYPE 1, CASE 2. 

( 3 )  Var ia t ion  of Type 2. ?he f i l t e r  e f f i c i e n c y  required f o r  an a i r p l a n e  t o  
show compliance with t h e  mximum cabin  ozone concentra t ion f o r  a p i n t  along any 
f l i g h t  r o u t e  can be determined using t h e  r r e t h c d  of  the  Type 2 example. For a mrst 
case a n a l y s i s ,  t h e  followinq assunpt ions  are mde:  

P/Po = 0.74 (Cabin A l t i t u d e  o f  8,000 f e e t  - maximum pressure  d i f f e r e n t i a l  of 
8.9 pounds R r  square  inch a t  45,000 f e e t )  

R = 1.0 ( A l l  ambient ozone e n t e r s  the a i r p l a n e  cabin)  

A t  f l i g h t  l e v e l  450 t h e  maximum ozone concen t ra t ion  at an  84 p e r c e n t  confidence 
l e v e l  the ozone s t a t i s t i c s  baragraph 3(a)2, Appendix A ]  i s  found t o  be 1.8 ppmv 
during February a t  80' nor th  l a t i t u d e  i n  t h e  e a s t e r n  North American region. This is 
shown on page 1 5  o f  t h i s  appendix. 

Equation 1 can be w r i t t e n  as: 

= - 6 ~ , , ~ )  ,,,, 
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INSTALLATION OF A FILTER WHICH REMOVED 81 PERCENT (33 ?HE OZONE ENEXIIG THE CABIN 
WOULD ENABLE AN AIRPLANE TO SHOW CCNPLIANCE WITH THE MAXIMUM CABIN OZONE 
CONCENXWATION ESTABLISHED BY FAR PAl7l 121 UNDER ?HE WRST CASE COfJDITIONS (ANY POINT 
AILING ANY FLIGHT IZOUTE ) . 

c. Typ= 3 - Example to determine t h e  maximum f l i g h t  a l t i t u d e  a l l w e d  to show 
compliahce at a p i n t  along a f l i g h t  r o u t e  wi th  t h e  maximum cabin  ozone 
concentra t ion.  Q u a t i o n  2 can be r e w r i t t e n  to determine OZ16, t h e  d i e n t  ozone 
concen t ra t ion  der ived f r o m  statistics with a confidence of 84 percent .  

(Equation 5 ) 
(0.62) (1-E 

For OZMAX = 0.25 

= 0.40 p p v  

2 

p p v  and no f i l t e r  E = 0, Q u a t  ion 5 becomes : 

(1) Case 1. Lat i tude:  50° North 

For t h i s  case, page 1 6  o f  t h i s  appendix (Page A-15 o f  the  ozonesonde statistics) 
shows t h e  OZ16 va lue  of 0.40 p p v  a x u r s  f o r  f l i g h t  l e v e l  340. (This  value is 
determined by s t r a i g h t  l i n e  i n t e r p l a t i o n  between the  OZ16 values  of 0.35 p p v  and 
0.45 p p v  occurr ing a t  f l i g h t  l e v e l s  330 and 350, r espec t ive ly .  The use of s t r a i g h t  
1 i n e  i n t e r p o l a t i o n  is p e m i s s i b l e  wfiere appropr ia te .  ) 

THIS POINT UNG TIE FLIGHT WOULD HAVE m BE FLOWN AT OR BEXW 34,000 FEET m sm; 
C@PLIANCE WITH ?HE IZW[IMU?i CABIN OZCtJE CONCENTRATION ESTABLISHED BY FAR PART 121. 

( 2 )  Case 2. Lat i tude:  40° North 

For t h i s  case, page 1 7  o f  t h i s  appendix (page A-16 o f  tile ozonesonde s t a t i s t i c s )  
shows t h e  OZ16 va lue  of 0.40 ppmv occurs f o r  f l i g h t  l e v e l  370. 

THIS FOINT ALONG ?HE FLIGHT WOULD HAVE TO BE FLCkJN AT OR B E D  37,OO FEET TO SfKkj 
CWLIAIJCE WITH TIE WXLW CABIN OZQJE CCNCENI'FATION ESTABLISHED BY FAR PART 121. 

d.  Var ia t ion  o f  Type 3. The example shown f o r  Type 3 can be extended to show 
c o r p l i a n c e  with t h e  mxirnum cabin  ozone concentra t ion es tab l i shed  by FAR P a r t  121  a t  
any l a t i t u d e  f o r  any month of t h e  year. Che example of such a determinat ion is 
shown in Figure 2 f o r  an a i r p l a n e  f l y i n g  i n  e a s t e r n  North America with R = 0.8, 
E = 0, and a cabin  a l t i t u d e  of 7,000 f e e t  (which, l i k e  the  'Ifrpe 3 example, g i v e s  a 
requ i red  OZ16 o f  0.40 p p v ) .  
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5. Examples - Time-Weighted Average (W) Cabin Ozone Concentration ( .1 ppmv, SLE) . 
To determine t h e  'IT% cabin  ozone concentra t ion,  t h e  0216 values  are used to ensure  
that t h e  ozone statistics are known with  an 84  p e r c e n t  con£ idence va lue  f o r  any one 
f l i g h t  ( t h e  50 p e r c e n t  value wuld on ly  g i v e  a confidence value  of 50 percen t  t h a t  a 
f l i g h t  muld meet t h e  required ozone concen t ra t ion  standard).,  

a. ?he TWA cab in  ozone concen t ra t ion  using ozone s t a t i s t i c s  is given by 
Equation 6 which is s i m i l a r  to Equation 1 w i t h  t imeweighted 0216 va lues  f o r  f l i g h t  
segments a t  cons tan t  l a t i t u d e  and a l t i t u d e  in t h e  same g e q r a p h i c  area. 

WHERE: N is t h e  number of ind iv idua l  f l i g h t  segments a t  a cons tan t  l a t i t u d e  and 
a l t i t u d e  i n  t h e  same geographical  area; Ti  is the f l i g h t  segment, above f l i g h t  
l e v e l  180, a t  a cons tan t  l a t i t u d e  and a l t i t u d e  i n  t h e  same geographic area.  

NOTE: Ti = T18 
i=l 

(OZ16)i is t h e  ambient ozone concen t ra t ion  obtained from t h e  ozone 
statistics with a con£ idence l e v e l  of 84 p e r c e n t  which is estimated to be 
encountered dur ing the  time per iod,  Ti. 

I n  a l l  the example types shown, the follcwing values  a r e  assumed: R = 0.8 an3 
P& = 0.77. Equation 6 then  can be w r i t t e n  as: 

O i T d A =  (0.62)(1-E) ( O Z ~ ~ ) ~ ( T ~ / T ~ ~ )  I (Equation 7 )  
i=l 

b. T y p  1 - Exarple to d e t e r n i n e  i f  a f l i g h t  is i n  c o q l i a n c e  w i t h  the 3 q A  
cab in  ozone concentra t ion.  For al l  Type 1 examples, assume the  following: t h e  
month is February, t h e  f l i g h t  l e v e l  is 370, no f i l t e r  ( o r  G O ) ,  and t h e  f l i g h t  
segment (TFs) is 5 hours. TVIO hours are f l m  i n  the e a s t e r n  I b r t h  American 
reg ion  (ENAR) and t m  b u r s  are flown i n  the western North American region (WPM) 
a!mve f l i g h t  l e v e l  180. 

(1) Case 1. Latitude: 50° North 

Pages A-15 and A-12 o f  the  ozonesonde s t a t i s t i c s  (F igure  1 o f  t h i s  advisory 
c i r c u l a r )  g ive  OZ16 = 0.50 p p v  f o r  the E M  and 0 2 1 6  = 0.25 ppnv f o r  t h e  WNAr?. 
Theref o r e ,  from E q a t  ion 7 : 

O Z W A  = (0.62)(0.50 x 2 + 0.25 x 2 )  = 0.19 ppnv 1 5 6 1 
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THIS FLIGHT hWLD NIP HAVE DEMCNSTRATED W L I A N C E  WITH 'IHE MAXIMUM TWA CABIN OZONE 
C O N C ~ ~ T I O N  ESTABLISHED BY FAR PART 121. 

( 2 )  Case  2. La t i t ude :  40° Nor th  

Pages A-16 and A-13 o f  t h e  ozonesonde statistics ( F i g u r e  1 o f -  this a d v i s o r y  
c i r c u l a r )  g i v e  0216 = 0.40 ppnv f o r  t h e  ENAR and OZ16 = 0.50 ppnv f o r  t h e  WNAR. 
T h e r e f o r e  : 

X 2 + 0.50 X 2 )  = 0.22 ppIW 

5 I 
THIS FLIGHT WOULD NOT HAVE MmSTRATED CC3lPLIANCE WITH TIE MAXIMUM TWA CABIN OZW 
CONCENTRATION ESTABESHED BY FAR PW.~ 121. 

( 3 )  Case 3. La t i t ude :  30° Nor th  

F i g u r e  1 o f  t h i s  a d v i s o r y  c i r c u l a r  (page A-16 and i n t e r p o l a t i o n  between pages A-16 
and A-11 o f  t h e  ozonesonde s tat is t ics)  g i v e s  0216 = 0.12 ppmv f o r  the ENAR and OZ16 
= 0.10 ppnv f o r  t h e  'N?AR. Therefore :  

(0.12 x 2 + 0.10 x 2 )  = 0.05 ppmv 
5 I 

THIS FLIGHT WOULD IUVE !XYQJS!T!RATED CCMPLINXE WITH THE MAXDNiVI ?WA CABIIJ OZONE 
CONC-TION ESTABLISHED BY FAR PAFCC 121. 

c. Type 2 - Example to determine  the f i l t e r  e f f i c i e n c y  r e q u i r e d  to show 
co~rrpl iance wi th  t h e  TdA c&in  ozone c n n c e n t r a t i o n .  Equation 7 c a n  be r e w r i t t e n  to 
de te rmine  E,  the f i l t e r  e f f i c i e n c y  : 

1 
(OZ?cGX) ) (Equat ion  8 )  

E = l -  
(0.62) 

i=l 

becomes : 

[ i ;  
F o r  OZMAX = 0.1  ppnv and t h e  f l i g h t  c o n d i t i o n s  o f  t h e  e x m p l e  Type 1, Q u a t i o n  8 

I 
I (Equat ion  9 )  

= ' -[:i;:;l + (0Z16)2 

(1) Case 1. La t i tude :  50' North 

OZ16 is 0.50 p p v  f o r  ENAR and 0.25 ppnv f o r  WNAR. (see ?Lpe 1, Case 1) 
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INSTALLATION OF A FILTER WHICH REMOVES 47 PEIiCEWT OF ?IIE OZOlJE B?IENIJG miE WIN 
WOULD ENABLE ?IiIS FLIGHT TD SHCW CDMPLIANCE WITH 'IRE 'IWA CABIN OZONE CONC-TION 
ESTABLISHED BY FRR PART 121. 

( 2 )  Case 2. Lat i tude:  40° North 

0216 = 0.40 ppmv for ENARand 0.50 ppnv f o r  WNAR. (see 1, Case 2 )  

INSTALLATION OF A FILTER WHICH RET*IOVES 56 PERCDF OF DIE OZCNE Et?FERI:NG THE CABIN 
WCULD ENABLE 'IRIS FLIGHT TO SHCkJ COlMPLIANCE WITH Ti 'IWA CABIN OZONE CONCEITjXATION 
ESTABLISIED BY FAR PAWT 121. 

( 3 )  Case 3. Lat i tude:  30° North 

NO FILTER REQUIRED AS COMPLIANCE WITH nIE TWA CABIN OZONE COIKENTRATION ESTABLISHED 
BY FAR PART 121 WAS SHGTN LURING EXAMPLE W E  1, CASE 3. 

d. Var ia t ion  o f  Type 2. ?he f i l t e r  e f f i c i e n c y  required f o r  an a i r p l a n e  t o  show 
compliance with t h e  TWA cabii.1 ozone concen t ra t ion  f o r  t h e  wrst case can be 
determined using t h e  method of the Type 2 example. For a mrst case a n a l y s i s ,  the 
assumptions are t h e  same as e r e  used f o r  the mrst case a n a l y s i s  f o r  the maximum 
ozone concentra t ion example. 

P/Po = 0.74 p p v  

F l i g h t  Level is 450 

I n  add i t ion ,  the t o t a l  f l i g h t  segment time (TFS) is 1 4  hours,  Equation 6 can be 
r e w r i t t e n  as: 

INSTALLATION OF A FILTER 'WHICH REMOVES 92 PERCENT OF TRE OZONE DUERING THE CABIN 
WOULD ENABLE AN AIRPLANE TO SIiOW CCrVLPLIANCE WITH THE 'IWA CABIN OZOIJE CONCEWYRATION 
ESTABLISHED BY FAR P m  121 UNDER 'IIIE WRST CASE CONDITIONS. 

e. rLpe 3 - Example to determine t h e  rmirnun f l i g h t  a l t i t u d e  allowed to show 
cor;pl ian- the  TWA cab in  ozone concentra t ion.  Equation 7 can be r e w r i t t e n  to 

8 
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determine OZ16, t h e  ambient ozone concen t ra t ion  der ived from statistics with a 
conf idence of 84 percen t .  

For  OZTWA = 0.10 ppnv, no f i l t e r  (E=O) , and a total f l i g h t  s e g m n t  of 5 hours,  with 
2 hours  above 18,000 f e e t  in both the ENAR and W W ,  Equation 1 0  becores: 

(1) Case 1. Lat i tude:  50° North 

For t h i s  case, pages A-12 and A-15 o f  t h e  ozonesonde statistics show t h a t  
(0216)1 + (OZ16) 2 equa l s  0.51 p p v  a t  f l i g h t  l e v e l  330 and 0.34 ppmv a t  
f l i g h t  l e v e l  310. Linear i n t e r p o l a t i o n  shows a value  o f  0.40 ppmv occurs 
f o r  a f l i g h t  l e v e l  of 316. 

THIS EXAMPLE FLIGHT WULD HAVE 33 FLY AT OR BELL34 31,600 FEET' 33 SIKW COrvLPLIANCE 
WITH THE: 'IWA CABIN OZONE a 3 N C m T I O N  STABLISIIED BY FAR PAlir 121. 

( 2 )  Case 2. Lat i tude:  40° North 

For t h i s  case, pages A-13 and A-16 o f  t h e  ozonesonde s t a t i s t i c s  show t h a t  
(0z16)1 + (0Z16)2 equa l s  0.55 ppnv a t  a f l i g h t  l e v e l  of 330 and 0.38 ppmv a t  
a f l i g h t  l e v e l  of 310. Linear i n t e r p o l a t i o n  shows a value  of 3.40 ppmv occurs f o r  a 
f l i g h t  l e v e l  of 312. 

THIS EXAMPLE FLIGHT KULD HAVE 33 FLY AT OR BEL/3W 31,200 FEET 'ID SHOW COMPLIANCE 
WITH THE 'IWA CABIN OZONE CONCENTATION ESTABLISIED BY E'AR PAFT 121. 

( 3 )  Case 3. Lat i tude:  30' North 

For t h i s  case, use of d a t a  on pages A-11 and A-16 o f  the  ozonesonde statistics, 
i n t e r p l a t e d  as descr ibed i n  paragraph 2 i  of t h i s  appendix, shows (0~16)~ + 
( 0 ~ 1 6 ) ~  equa l s  0.63 ppmv a t  a f l i g h t  l e v e l  of 470 and 0.37 ppnv a t  a f l i g h t  
l e v e l  of 450. Linear i n t e r p o l a t i o n  shows a value  o f  0.40 ppmv occurs f o r  a f l i g h t  
l e v e l  o f  452. 

THIS EXAMPLE FLIGHT WOULD HAVE TO FLY AT OR BELCW 45,200 FELT ' .  SHCXq EMPLIANCE 
WITH THE 'IWA CABIN OZCNE CONCENTNlTION ESTABLISHED BY FAR PAF3? 121. 
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U N I T :  PPMV 

F L I G H T  
LEVEL 

59 0 
570 
550 
530 
510 
490 
470 
450 
430 
4 10 
390 
370 
350 
3 3 0 
310 
290 
270 
250 
2 3 0 
21 0 
190 

MEAN 16% 2% .1% MAX M I N  

2.3 2.9 3.4 4.0 3.4 1.2 
2.1 2.6 3.2 3.7 3.2 1.0 
1.8 2.3 2.9 3.5 3.0 . R  
1.4 2.0 2.6 3.2 2.8 a60 
1.3 1.9 2.4 2.9 2.5 .60 
1.2 1.7 2.1 2.6 2.2 a55 

1.4 1.8 2.2 1.9 -50 I 1.2 1.5 1.8 1.5 -50 
.8 1.1 1.3 1.6 1.3 .40 
.7 .9 1.2 1.4 1.2 .35 

.60 -8 1.0 1.3 1.1 e25 

.50 .7 .9 1.1 .9 .20 

.40 -55 a7 -9 - 7  a16 

.30 .40 .55 .7 .55 .12 
el8 a25 e35 e45 -35 -06 
el2 el8 - 2 5  a30 -25 .04 
-12 -16 -20 .30 e20 -04 
-10 a14 -20 -25 -18 .04 
. O R  el2 a16 -20 el6 e03 
.07 el0 1 el4 el2 .03 
.05 a07 -08 -10 r09 .03 

32'~ N=14 - 
F L I G H T  
LEVEL I MEAN 16% 2% .lb MAX *IN 

F L I G H T  
LEVEL MEAN 16% 2% . I %  P A X  WIN 
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U N I T :  PPWV 

FL IGHT 
LEVEL 

59n 
570 
550 
530 
510 
490 
470 
450 
430 
410 
390 
370 
350 
330 
310 
290 
270 
250 
230 
21 O 
190 

FL IGHT 
LEVEL 

590 
5 7 0 
55 0 
530 
510 
490 
4 7 0 
450 
430 
410 
390 
3 7 0 
350 
3 3 0 
310 
290 
270 
250 
2 3 0 
210 
190 

PEPCENTAGES I N D I C A T E  P R O B A B I I . I T Y  OF EXCEFOING AMOUNT SHOrN. 

MEAN 16% 2% .1% MAX M I N  
FL IGHT 
LEVEL 

SPN br=lO  

FL IGHT 
LEVEL 

590 
570 
550 
5 3 0 
510 
490 
4 7 0 
450 
430 
41 0 
390 
37 0 
350 
330 
310 
290 
270 
LSO 
2 3 0 
2 10 
190 

- 
MEAN 16% 2% . I %  M A X  M I b  

1.9 2.4 2.9 7.4 2.9 1.3 
1.7 2.2 2.7 3.2 2.7 1.1 
1.4 1.9 2.4 2.9 7.4 . B  
1.1 1.6 2.2 7.7 2.2 -55 
1.0 1.5 1.9 2.4 2.0 .SO 

9 1.3 1.7 7.1 1.7 .45 
.7 1.1 1.4 1.7 1.4 . 3 5  

.55 8 1.1 1.3 1.0 .30 

.45 .65 .9 1.1 . .25 

.3> .50 .65 .b .60 .20 

.25 .35 -40 -50 .35 -14 
-20 .25 -35 .LO -30 -12 
el6 -20 -25 -70 e20 -09 
-12 -16 -20 .75 .I6 -06 
-07 -09 -12 -14 -10 -03 
-04 .06 .08 .JO -07 a02 
-04 -05 .O? .Q9 a06 -02 
-04 -05 a06 -08 -06 .02 
-03 .05 -06 -07 -05 -02 
-03 .04 .OS e n 6  .05 r02 
en3 -03 -04 .V5 -04 .01 
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1 F E H R U A Q Y  - W E S T E R N  N O R T H  A M E R I C A  1 

F L I G Y T  
L E V E L  

P E R C E N T 4 G E S  I N D I C P T E  P R O @ ~ B I I  I T Y  OF EXCFFDTNG AMOUNT S H O ~ N .  

* € A N .  16% 2% .1% MAX M I N  
F L I G H T  
L E V E L  V F A N  165 2% . I %  MAX M I N  
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F E B R U A P Y  - E A S T E R N  N O R T H  A M E R I C A  

U N I T :  PPHV 

F L I G H T  
L E V E L  

F L I G H T  
L E V E L  

P E R C E N T A G E S  I N D I C A T E  PROBABILITY O F  E X C E F O I N G  A M O U N T ' ~ S H O ~ J N .  

M E A N  1 6 %  25  1 %  MAX M I N  
F L I G H T  
L E V E L  M E A N  1 6 %  2% 1 %  MAX M I N  
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FEBRUAQY - EASTERN NORTH AMERICA 

U N I T :  PPMV 

FL IGHT 
LEVEL 

~- - 

5 9 0  
5 7 0  
5 5 0  
5 3 0  
5 1 0  
4 9 0  
4  7  0  
4 5 0  
4  3 0  
4  1 0  
390  
370  
3 5 0  
330  
310  
2 9 0  
2 7 0  
2 5 0  
2 3 0  
2 1 0  
1 9 0  

F L I G H T  
LEVEL 

PERCENTAGES I N D I C A T E  PROBABILITY OF EXCEFDIN6 AMOUNT SHOWN, 

MEAN 1 6 %  2% 1 M A X  M I N  
FLIGHT 
LEVEL 

M E A N  16% 2% 1  MAX M I N  

5 9 0  
5 7 0  
5 5  0  
5 3 0  
5 1 0  
4 9 0  
4 7 0  
4 5 0  
4 3 0  
4 1  0  
3 9 0  
3 7 0  
3 5 0  
3 3 0  
3  10  
2 9 0  
2 7  0  
2 5 0  
2 3 0  
2 1 0  
1 9 0  

F L I G H T  
LEVEL M E A k  1 6 %  2% .IS M A X  M I N  



F L I G H T  
LEVEL . 

5 9 0  
5 7 0  
5 5 0  
5 3 0  
5 1 0  
4 9 0  
4 7 0  
4 5 0  
4  3  0  
4  1 0  
3 9 0  
370  
3 5 0  
330  
3 1 0  
2 9 0  
2 7 0  
250  
2  3  0  
210  
1 9 0  

F L I G H T  
LEVEL 
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FEBRUARY - EASTERN NORTH AMERICA 

U N I T :  PPMV 

PERCENTAGES I N D I C A T E  PROBABIL ITY  OF EXCEFDING AMOUNT SHO~AN. 

MEAN 16% 28 - 1 %  M A X  M I N  
F L I G H T  
LEVEL 

YEAN 1 6 8  7% . l %  M A X  M I N  

5 9 6  
5  7 0  
5 5 0  
5 3 0  
5 1 0  
4 9 0  
4 7 0  
4 5 0  
4 3 0  
4 1 0  
3 9 0  
370  
3 5 0  
330  
31 0  
290  
270  
2 5 0  
2 3 0  
21 0 
i Y O  

FL IGHT  
L t V E L  

MEAN 1 6 8  2% . I d  MAX WIN 

MFAN 16% 2% 1 %  M A X  " I N  
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F L I G H T  
L E V E L  

FEBRUARY - EASTERN NORTH 4 M E R I C A  

U N I T :  PPFAV 

PERCENTAGES I N D I C 4 T E  P R O B A B I L I T Y  OF E X C F F D I N G  AMOUNT ~ H O ~ N ;  

MEAN 16% 2% .1% MAX M I N  
F L I G H T  
L E V E L  

MEAN 1 6 %  2 %  . i %  M A X  M I N  

MFAN 1 6 %  2% . I s  M A X  M I N  
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F L I G H T  
LEVEL 

F L I G n T  
LEVEL 

5 9 0  
5 7 0  
5 5 0  
5  3  0  
5 1 0  
4 9 0  
4 7 0  
4 5 0  
4 3 0  
4 1 0  
3 9 0  
3 7 0  
3 5 0  
3  3 0  
3 1 0  
2 9 0  
2 7 0  
2 5 0  
2 3 0  
2 1 0  
1 9 0  

-- -- 

FERRUARY - WESTERN EURO 

U N I T :  PPMV 

PERCENTAGES I N D I C P T E  P R O B A ~ I C I T Y  OF EXCEEOING AMOUNT -SHOI.N. 

MEAN 1 6 %  2% .1% MAX M I N  

WEAN 1 6 8  2 %  1 M A X  M I N  

F L I G H T  
LkVEL 
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1. WRPOSE. Th i s  appendix d i s c u s s e s  the Global A i r  Sampling Program (GASP) ozone 
d a t a  and t h e  ozonesonde ba l loon  d a t a  used i n  example f l i g h t s  i n  Appendix 1 of  t h i s  
adv i so ry  c i r c u l a r .  

2. MPLANATION. The ozone concen t r a t ion  ba l loon  d a t a  o f  Appndix  A o f  Report 
FAA-EQ-78-03 l i s t e d  i n  paragraph 3 a ( 2 )  of  t h i s  advisory  circular is accep tab le  to 
t h e  FAA f o r  statistical a n a l y s i s  to  determine m p l i a n c e  with t h e  cabin  ozone 
concen t r a t ions  e s t a b l i s h e d  by Sec t ion  121.578 o f  the FAR. Any o t h e r  d a t a  set would 
have to have a n  equ iva l en t  v e r t i c a l  (2,000 f e e t ) ,  tempral (monthly),  and 
l a t i t u d i n a l  ( 5  degrees) r e s o l u t i o n  to  be acceptable f o r  p u r p s e s  of mmpliance 
demonstration. 

a .  For example, i n  Appendix B o f  R e p r t  FAA-EQ-78-03, d a t a  are presented  which 
were c o l l e c t e d  dur ing  t h e  Global A i r  Sampling Program by t h e  National Aeronaut ics  
and Space Adn in i s t r a t i on  (NASA). The GASP d a t a  have g r e a t e r  geographica l  a v e r a g e ;  
however, as c u r r e n t l y  t abu la t ed ,  they  do not provide  t h e  requi red  v e r t i c a l ,  temporal 
or l a t i t u d i n a l  r e s o l u t i o n  to  be used f o r  compliance demonstration. When the 
r e s o l u t i o n  o f  t h e  ba l loon  d a t a  is m l l a p s e d  to t h a t  o f  t h e  GASP data, t h e  r e s u l t s  of  
t h e  two measurement programs ag ree  s t a t i s t i c a l l y .  Th i s  i n d i c a t e s  t h a t  both d a t a  
sets are v a l i d ;  however, t h e  GASP d a t a ,  i n  t h e i r  p resent  t a b u l a t i o n ,  cb mt show the 
necessary  r e s o l u t i o n  elements to be accep tab le  to t h e  FAA. 

b. For example, t h e  ba l loon  d a t a  f o r  t h e  e a s t e r n  North American reg ion  a t  45' 
no r th  and o f  a f l i g h t  l e v e l  of 390 g i v e  ozone va lues  a t  t h e  84 pe rcen t  a n f i d e n c e  
l e v e l  o f  0.35, 0.45, and 0.55 p p v  f o r  December, January,  and February, 
r e s p e c t i v e l y .  For t h e  western North American reg ion  t h e  va lues  are 0.30, 0.35, 0.35 
ppnv. A t  f l i g h t  l e v e l  390, t h e  GASP d a t a  show a n  ozone va lue  a t  t h e  84 percent  
confidence l e v e l  o f  C.37 p p v  f o r  t h e  win te r  season,  between 40" and 90' west 
l ong i tude  a t  a l a t i t u d e  between 42' and 48" nor th  (page B-6 o f  Bpr t  FAA-EQ-78-03 ) . 
Bet=en 90' and 140" west longi tude ,  t h e  va lue  is also 0.37 ppnv. Th i s  t y p i c a l  
example shows t h a t  use of  t h e  GASP d a t a  f o r  showing compliance by statistical 
methods m u l d  not  proper ly  account f o r  t h e  expected ambient ozone va lues  which 
change by a s  much a s  0.25 ppnv during t h e s e  3 months. Even though mre da ta  p i n t s  
a r e  obta ined  by GASP a t  t h e  f l i g h t  l e v e l s  between 350 and 390, as p r e s e n t l y  
t a b u l a t e d ,  t h e  requi red  r e s o l u t i o n  elements are not  provided. 




